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Objective: Persistent aneurysm perfusion or endoleak is associated with pulsatility of abdominal aortic aneurysm (AAA)
after endovascular repair. However, the resultant pulsatile change in aneurysm diameter may be difficult to quantify, and
therefore its significance is unknown. In this study cine magnetic resonance angiography (MRA) was used to quantify
aneurysm wall motion during the cardiac cycle and to correlate it with the presence and type of endoleak.
Methods: Cine MRA was performed in 16 patients undergoing endovascular repair of AAA. A 1.5 T magnet and
post-processing with GEMS 4.0 Fiesta computerized video image analysis software were used to calculate maximum
aortic diameter during systole and diastole. Changes in aortic diameter were determined from these measurements. Cine
MRA was performed on aneurysms before treatment and in patients with and without endoleak after endovascular repair.
Type of endoleak was confirmed at angiography in all cases. Four patients had antegrade (type I) endoleak, and eight
patients had retrograde (type II) endoleak; no endoleak was present in four patients. Endovascular grafts with stent
support throughout the entire length of the graft (Talent) were used in all cases (14 bifurcated grafts, 2 tube grafts).
Results: Cine MRA demonstrated significantly greater wall motion and resultant change in aneurysm diameter in patients
with type I endoleak compared with patients without endoleak (type I, 2.14 1.28 mm vs no endoleak, 0.12 0.09 mm,
P  .001). Change in aneurysm diameter in patients with type II endoleak was not significantly greater than in patients
with no endoleak (type II, 0.26  0.21 mm vs no endoleak, 0.12  0.09 mm, P  NS). Untreated aneurysms
demonstrated the greatest change in diameter during the cardiac cycle (3.51  0.79 mm).
Conclusion: Cine MRA may be used to accurately quantify AAA wall motion before and after endovascular stent-graft
treatment. The extent of change in diameter corresponds to the type of endoleak, with antegrade (type I) endoleak
generating greater pulsatile change in diameter than retrograde-collateral (type II) endoleak or no endoleak. Cine MRA
may provide a noninvasive means of assessing the success of endovascular treatment of AAA. Further studies will be
necessary to confirm the utility and efficacy of cine MRA in postoperative assessment of endovascular aneurysm repair. (J
Vasc Surg 2003;38:652-6.)
Endovascular treatment of abdominal aortic aneurysm
(AAA) requires exclusion of the aneurysm sac from arterial
perfusion and pressure to prevent aneurysm rupture. Con-
tinued pressurization of the aneurysm sac resulting from
continued arterial perfusion or endoleak1 is associated with
aneurysm expansion and rupture.2,3 Endoleak may origi-
nate from several sources, and has been classified on the
basis of cause.4,5 Endoleak that originates from the attach-
ment site of the endovascular graft to the arterial wall (type
I) or that occurs at the junction between two graft compo-
nents (type III) results in direct antegrade arterial flow into
the aneurysm. This generates systemic pressurization of the
aneurysm sac, and is associated with aneurysm expansion
and rupture.6,7 Retrograde perfusion of the aneurysm sac
through collateral lumbar and inferior mesenteric arteries
may also occur after endovascular repair (type II endoleak).
The pressure and force transmitted to the aneurysm wall by
retrograde endoleak is less well characterized.8 However,
clinical studies have documented frequent spontaneous
thrombosis and stabilization of aneurysm size, suggesting a
more innocuous natural history compared with antegrade
endoleak.9,10
Presently, after endovascular AAA repair, endoleak is
most commonly screened for with computed tomography
(CT). However, the sensitivity of CT in detection of en-
doleak is less than 100%.11 CT findings may also suggest
the origin of an endoleak, but angiography is typically
required to definitively establish the location and type of
endoleak. In addition, both CT and angiography are lim-
ited because they do not measure or indicate the force
transmitted to the aneurysm wall by the endoleak. A screen-
ing test that can measure pulsatile change in aneurysm size
between systole and diastole might be used to quantify the
force being applied to the aneurysm wall and as a corollary
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indicator of the risk of continued aneurysm expansion and
rupture. To use quantification of aneurysm wall motion as
a noninvasive means of assessing endovascular aneurysm
repair, it would first be necessary to calibrate aneurysm wall
motion to intra-aneurysm pressure with a pressure trans-
ducer placed within the aneurysm sac. In addition, factors
such as wall thickness and collagen content must be ac-
counted for.
Previous investigators have suggested that aneurysm
pulsatility after endovascular repair correlates with the pres-
ence of endoleak.12,13 However, a definitive relationship
has not been established between the extent of pulsatile
change in aneurysm size during the cardiac cycle and the
location of the endoleak and the force it generates. The use
of duplex ultrasound scanning to assess pulsatility in these
studies may have contributed to the difficulty in quantify-
ing aneurysm wall motion, because of its relative insensitiv-
ity.14,15 Also of potential significance is the role of elevated
diastolic pressure in determining aneurysm pulsatility. If
the diastolic pressure is elevated relative to the systolic
pressure, this may result in reduced wall motion during the
cardiac cycle.
The purpose of this study was to use cine magnetic
resonance angiography (MRA) to quantify aneurysm wall
motion and the resultant change in aneurysm diameter
between systole and diastole. The relationship between the
presence and type of endoleak and the degree of change in
aneurysm diameter was also evaluated. In addition, the
magnetic resonance imaging (MRI) signal intensity was
evaluated and correlated with the presence of endoleak
after stent-graft repair.
PATIENTS AND METHODS
Patient demographic data and database. Sixteen pa-
tients undergoing endovascular repair of AAA were evalu-
ated under protocols approved by the institutional review
boards of Mount Sinai School of Medicine and Weill Med-
ical School of Cornell University. Maximum aortic diame-
ter ranged from 5.7 to 7.2 cm (mean, 6.4 cm). Aneurysm
diameter for these measurements was determined with CT;
cine MRA was used exclusively for measuring change in
aneurysm diameter during the cardiac cycle. Thirteen men
(81%) and three women were enrolled in the study; mean
age was 72.5 years. Comorbid medical conditions were
common in patients enrolled in the study, with on average
2.6 conditions per patient. Comorbid medical conditions
included hypertension (n 11), coronary artery disease (n
 9), chronic obstructive pulmonary disease (n  4),
peripheral vascular disease (n 2), renal insufficiency (n
1), diabetes mellitus (n  1), and history of smoking (n 
14). All data regarding each patient, procedure, and fol-
low-up were entered prospectively in a computerized vas-
cular registry.
MRA. Cine MRA was performed in the 16 patients
enrolled in the study. The MRI protocol was identical for
patients from both medical centers. Modified fast spin-
echo, black-blood, multiple contrast sequences were used
to obtain the initial gradient echo series and localize the
aortic aneurysm with a two-element phased-array surface
coil. Initial images and the subsequent fast cine-echo MRI
sequences were obtained with a 1.5 T CVI magnet (Gen-
eral Electric, Milwaukee, Wis). Contiguous cross-sectional
images were obtained perpendicular to the long axis of the
aorta. Post-processing with GEMS 4.0 Fiesta video image
vessel analysis software (General Electric) was used to cal-
culate aortic aneurysm diameter during systole and diastole.
Computer-generated calculations of aneurysm diameter
were performed by two radiologists (R.L., J.G.), who were
blinded to patient identity, and presence and type of en-
doleak. The average difference in interobserver measure-
ments for aneurysm diameter was 0.27 mm. The fast cine
MRA sequences were linked to the electrocardiogram to
enable determination of aneurysm diameter during peak
systole and end diastole. MRI with the 1.5 T CVI magnet
was also used to characterize the signal intensity of intra-
aneurysm thrombus. Images were acquired with the double
inversion recovery, fast spin-echo sequence for T2-
weighted images. T2-weighted images were used to assess
MRI signal intensity qualitatively, with intensity repre-
sented as low, moderate, or high.
Endovascular AAA repair procedure. All endovas-
cular procedures were carried out in the operating room on
a radiolucent table with fluoroscopic guidance. The endo-
vascular stent graft used for AAA repair was comprised of
woven polyester fabric, supported throughout its entire
length by self-expanding nitinol stents joined by a nitinol
spine (Talent LPS; Medtronic/AVE, Santa Rosa, Calif).
The bifurcated endovascular stent-graft configuration was
used for AAA repair in 14 patients. In the remaining two
patients the aortoaortic tube configuration was used. In
both patients with tube grafts, type I endoleak developed at
the distal implantation site. Epidural or spinal anesthesia
was used in all patients. Exposure of the common femoral
and distal external iliac arteries was via an oblique groin
incision.16
Endoleak classification and identification. Cine
MRA was performed before endovascular repair in four
patients. At submission, pre-repair and post-repair mea-
surements could be obtained only in these four patients.
The remaining 12 patients had undergone endovascular
aneurysm repair before cine MRA. Cine MRA was per-
formed after endovascular AAA repair in 16 patients, in-
cluding 4 patients with antegrade endoleak (type I: 2
proximal, 2 distal), 8 patients with retrograde endoleak
(type II), and 4 patients without endoleak (Fig 1). Evalu-
ation for the presence of endoleak was initially performed
with CT in 15 of 16 patients. Contrast-enhanced helical CT
was performed, with images obtained at 3-mm intervals
with an aortic contrast bolus protocol. Non-contrast-en-
hanced images were obtained before injection of intrave-
nous contrast medium at 5-mm intervals. After acquisition
of the non-contrast-enhanced images, contrast-enhanced
images were acquired. The timing of image acquisition was
determined by initial injection of a test bolus, followed by
injection of the full 150-mL contrast bolus. Ultrasound was
not routinely used for post-endovascular repair assessment.
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MRA with gadolinium contrast bolus protocol was used for
primary endoleak detection in one patient with renal insuf-
fiency. The site of origin of the endoleak was confirmed at
angiography in all 12 patients with endoleak. Angiography
was not performed after endovascular repair in the four
patients without a demonstrable endoleak.
Follow-up. After endovascular AAA repair, all pa-
tients were enrolled in a standard follow-up protocol that
included office visits within 1 month of surgery, at 6 and 12
months postoperatively, and annually thereafter. A detailed
history and physical examination, and plane radiographs of
the abdomen and a contrast-enhanced CT scan were also
obtained at the postoperative visit. Mean follow-up after
cine MRA was 6.4 months (range, 6-18 months). All four
patients with antegrade (type I) endoleak underwent sec-
ondary endovascular procedures to treat the endoleak.
Secondary endovascular procedures. Endovascular
implantation of a proximal endovascular extension cuff was
used to treat the two proximal type I endoleaks. Conver-
sion from an aortoaortic tube graft to an aortouniiliac graft
with femorofemoral crossover bypass grafting and occlu-
sion of the contralateral common iliac artery was used in the
two patients with distal type I endoleaks. Cine MRA was
not performed after the secondary repair procedure in these
patients. Retrograde (type II) endoleak was observed on
serial CT scans. No secondary interventions were per-
formed in patients with type II endoleak.
Definitions and statistical analysis. The definitions
used are those outlined by the Ad Hoc Committee on
Reporting Standards of the Society for Vascular Surgery/
American Association for Vascular Surgery.17 All data are
represented as mean  SD. The Student t test was used to
compare continuous variables. Significance was assumed at
P  .05.
RESULTS
Aneurysm pulsatility. Aneurysm diameter measure-
ments were successfully obtained in all study patients (Ta-
ble). Change in aneurysm diameter between systole and
diastole was greatest in patients before aneurysm repair and
was significantly greater than the change in aneurysm di-
ameter in patients without endoleak (untreated, 3.51 
0.79 mm vs no endoleak, 0.12 0.09 mm; P .001) (Fig
2, online only). There was a statistically significant greater
change in aneurysm diameter between systole and diastole
in patients with antegrade (type I) endoleak (2.14  1.28
mm) compared with patients without endoleak (0.12 
0.09 mm; P  .001). A small pulsatile change in aneurysm
diameter was observed in patients with retrograde (type II)
endoleak (0.25  0.21 mm); however, this was not statis-
tically significantly greater than the pulsatile change seen in
aneurysms in patients without endoleak (0.12 0.09 mm;
P  NS). In addition, there was a statistically significant
difference in aneurysm diameter change during the cardiac
cycle between patients with antegrade (type I) endoleak
compared with retrograde (type II) endoleak (type I, 2.14
 1.28 mm vs type II, 0.25  0.21 mm; P  .002).
Qualitative assessment of intra-aneurysm throm-
bus. The T2-weighted signal intensity of the intra-aneu-
rysm thrombus was assessed in patients without endoleak
and compared with intra-aneurysm thrombus in patients
with type I and type II endoleaks. The T2-weighted signal
intensity was found to be low for the intra-aneurysm
thrombus in patients without endoleak. T2-weighted sig-
nal intensity was moderate in patients with type I or type II
endoleak. Because of the qualitative nature of the signal
intensity assessment, precise quantification was not
possible.
Fig 1. Magnetic resonance angiographic images of an abdominal
aortic aneurysm with large type I endoleak after endovascular
repair. A, At peak systole, maximum aortic diameter was calculated
at 64.91 mm. B, At end-diastole a significant reduction to 60.75
mm in maximum aortic diameter was measured. This represents a
pulsatile change in aneurysm diameter of 4.16 mm during the
cardiac cycle.
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Outcome of secondary interventions. In the four
patients who received treatment of antegrade (type I) en-
doleak, the secondary endovascular graft was deployed
successfully in all cases. All endoleaks resolved after treat-
ment, and there has been no recurrent endoleak in these
patients. In patients with retrograde (type II) endoleak, no
increase in aneurysm diameter greater than 5 mm has
occurred. No secondary interventions have been performed
in these patients.
DISCUSSION
Aneurysm pulsatility has been a subject of interest,
particularly since the advent of endovascular AAA repair.
Aneurysm pulsatility after endovascular repair has been
observed; however, consensus regarding its clinical signifi-
cance has not been reached. This may be due in part to the
contribution of multiple factors postulated to affect aneu-
rysm pulsatility after endovascular repair. While some au-
thors have proposed that aneurysm pulsatility is related to
the presence of endoleak after endovascular repair,12,13
others have noted the influence of factors including endo-
vascular graft porosity and the presence of stent support
within the endoprosthesis.18
Some consensus has been achieved regarding the re-
lated area of the effect of the type of endoleak on outcome
after endovascular AAA repair. Type I endoleak, which
results in direct antegrade perfusion of the aneurysm sac, is
believed to transmit considerable force to the aneurysm
wall.3 In addition, the continued perfusion may enable
continuation of the degenerative process within the aneu-
rysm wall. As a result, type I endoleak places the patient at
high risk for aneurysm rupture. This has been confirmed by
the observation of continued aneurysm expansion and rup-
ture in the presence of type I endoleak.6,7 In distinction,
retrograde, type II endoleak appears to transmit signifi-
cantly reduced force to the aneurysm wall, and conse-
quently is rarely associated with continued aneurysm
growth or rupture.19 It may therefore be postulated that
the greater force generated by direct antegrade perfusion of
the aneurysm sac after endovascular repair (type I endoleak)
would generate greater aneurysm pulsatility compared with
retrograde collateral perfusion (type II endoleak). It might
also be expected that the greater force of the antegrade
perfusion would generate a greater amount of aneurysm
wall motion and consequently a measurably greater change
in aneurysm diameter between systole and diastole.
To determine whether type I endoleak generates
greater change in aneurysm diameter during the cardiac
cycle, it is necessary to eliminate other potentially con-
founding variables and to use a technique for measuring
aneurysm diameter that is reproducibly accurate. The de-
velopment of fast-cine MRA has provided the technical
means to make such measurements. In this study, fast-cine
MRA was used in conjunction with video image analysis
software to obtain accurate measurements of aneurysm
diameter. These measurements were used to assess diame-
ter changes between systole and diastole that result from
cyclical force being applied by the pulsatile flow of arterial
blood. Confounding variables related to variation in graft
porosity and stent support were eliminated in this study by
using the same type of fully supported Talent stent graft,
with identical graft porosity in all patients. Of note, under
ideal circumstances all patients would have undergone cine
MRA imaging before and after endovascular repair. This,
however, would have required enrollment of an excessively
large number of patients to assess the 14% with endoleaks.
This is likely to have contributed to the ability to distin-
guish the effect of endoleak type on aneurysm wall motion.
With the use of cine MRA measurements and elimina-
tion of several potentially confounding variables, a distinc-
tion between the degree of wall motion generated by
different types of arterial perfusion of the aneurysm sac was
made in this study. Patients with no arterial perfusion, that
is, no endoleak, demonstrated minimal change in aneurysm
diameter through the cardiac cycle. In contrast, patients in
whom AAA was not treated exhibited greater wall motion
and as a result greater change in aneurysm diameter be-
tween systole and diastole. This change was measurable at a
statistically significant level. Patients who experienced con-
tinued direct antegrade arterial perfusion of the aneurysm
sac after endovascular repair (type I endoleak) also demon-
strated a significantly greater change in aneurysm diameter
compared with patients who had no endoleak. This finding
is consistent with the observed incidence of aneurysm ex-
pansion and rupture encountered with type I endoleak. In
distinction, type II endoleak failed to demonstrate a signif-
icant increase in aneurysm wall motion or change in aneu-
rysm diameter during the cardiac cycle compared with
aneurysms with no endoleak. When compared directly,
type I endoleak generated greater pulsatile change in aneu-
rysm diameter than did type II endoleak, further confirm-
ing the difference in force generated by each of these
endoleak types. The ability to recognize significant aortic
wall excursion in this study is likely the result of the in-
creased sensitivity afforded by cine MRA. The number of
patients undergoing cine MRA analysis of aneurysm diam-
Pulsatile change in diameter as a function of presence and type of endoleak
No endoleak
Retrograde endoleak
(type II)
Antegrade endoleak
(type I) Before repair
Mean change in diameter between
systole and diastole (mm)
0.12  0.09 0.25  0.21 2.14  1.28 3.51  0.79
P (compared with aneurysms
without endoleak)
NA NS .001 .001
NA, Data not available; NS, not significant.
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eter before and after endovascular treatment was insuffi-
cient to allow a statistically significant comparison of these
measurements.
The degree of thrombus organization within the aneu-
rysm sac may be an indicator of the completeness of aneu-
rysm exclusion from the arterial circulation.20 During the
process of organization, the composition of the thrombus
changes. These include changes from high cellular and
water content in recently formed thrombus to reduced
cellularity and increased content of collagen and other
extracellular matrix proteins as the thrombus organizes.
These histologic changes result in observable changes in
the signal intensity generated on T2-weighted MR imag-
es.21 In the current study, T2-weighted signal intensity was
qualitatively increased in patients with continued perfusion
of the aneurysm sac compared with patients with no perfu-
sion. This difference in signal intensity may indicate in-
creased thrombus organization in aneurysms that have
been successfully excluded from the arterial circulation.
Aneurysms with continued perfusion may be subject to
ongoing remodeling of the thrombus and consequently
demonstrate the higher T2-weighted signal intensity asso-
ciated with the higher water and cellular content present in
less well-organized thrombus.
CONCLUSION
In this study cine MRA enabled demonstration of
significant changes in the diameter of AAAs between systole
and diastole. These changes in diameter were related to
ongoing arterial perfusion of the aneurysm sac. Aneurysms
evaluated before endovascular repair and aneurysms that
had direct antegrade perfusion after endovascular repair
exhibited increased pulsatile changes in diameter. In con-
trast, aneurysms that were completely excluded from the
arterial circulation or had only retrograde perfusion after
endovascular repair showed minimal change in diameter.
The differences in aneurysm pulsatility observed between
these different types of aneurysm perfusion suggest a sig-
nificant difference in the force transmitted to the aneurysm
wall. Further refinement of these MRI-based techniques
may enable their use as a noninvasive, postoperative surveil-
lance technique after endovascular AAA repair in the fu-
ture.
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